In Quercus cerris L. var. cerris, four diameters at breast height (BDH) groups were selected as a surrogate for approximate plant age groups to study the effects of plant and leaf age on leaf dry mass, leaf area and specific leaf area. The forms of fluctuations in specific leaf area (SLA) of all DBH groups were similar during the growth period. The minimum SLA was calculated at the leaves' mature phase. Leaf area did not differ significantly according to leaf age. Significant differences caused by leaf age were determined in mean leaf dry mass and SLA. No significant differences in mean SLA caused by plant age were found. Leaf area and leaf dry mass significantly varied among DBH groups. Leaf area was positively correlated with leaf dry mass, and SLA was negatively correlated with leaf dry mass, while there was no significant relationship with leaf area.
Introduction
Specific leaf area (SLA) is a fundamental parameter for plant growth, denoting leaf surface area per unit mass. SLA reflects the photosynthetic capacities of plant species and characterizes plants' adaptation to the environment. For these reasons, SLA is widely used as a key factor in various ecological studies on photosynthesis, respiration, biomass, resource use and growth strategies of plant species (Reich et al. 1991 , Wilson et al. 1999 , Li et al. 2005 , Liu et al. 2008 . Genetic features constrain the limits of SLA for individual species (White and Scott 2006) , but various environmental factors may affect the SLA of individual plants, such as light regime, water supply, nutrient uptake. Additionally, not only environmental factors but also plant status may have an effect on SLA, (e.g. ontogenetic factors like leaf and plant age). There are many reports about the role of leaf and plant age in affecting leaf traits, especially SLA. These reports are generally concerned with crop plants or evergreens, especially with Eucalyptus (Biemond et al. 1995 , Bertin and Gary 1998 , Li et al. 1999 , Day et al. 2001 , England and Attiwill 2006 , Jullien et al. 2009 , Nouvellon et al. 2010 . Previous studies reported that SLA decreased with increased leaf age (Reich et al. 1991 , Luo et al. 2005 , Milla et al. 2008 and similarly, decreased with increased plant age or size (Greenwood et al. 2008 , Liu et al. 2010 , Nouvellon et al. 2010 . However, in the studies of Day et al. (2001) and Vanderklein et al. (2007) , SLA did not change with increasing plant age.
This subject is especially important for ecological and physiological studies, yet scientists cannot completely explain it. In order to reach a consensus about the effect of leaf and plant age on SLA, more studies on various plant species and in different regions are required. In this paper, whether the specific leaf area of a deciduous oak varies due to leaf and plant age has been studied. According to general trends observed for deciduous species (Poorter et al. 2009 ), the expectations were that increased plant age would lead to decreased SLA and increased leaf age would not lead to any variation in SLA. For this purpose, Quercus cerris L. var. cerris (also called hairy oak or Turkey oak) individuals was chosen as study material. This oak is a deciduous tree native to southern Europe and Asia Minor and a widespread characteristic species in the study area.
Materials and Methods
The study area is a Quercus cerris L. var. cerris woodland in northern Turkey (41°21.982'N, 36°11.152'E). Canopy cover of the area is 45% and tree density is about 85 per hectare. Mean altitude of the study area is 300 MSL. The soil of the study area is grey-brown and podzolic. Because of the precipitation in the area, the colour of the upper horizon (A) and the deep layers of these soils are grey and brown, respectively (Özen and Kılınç 1988) . Mediterranean climate is dominant in the study area. The annual mean temperature is 14.2°C, while maximum temperature is 37.4°C, and minimum temperature is -7.0°C. Total annual precipitation is 668.9 mm 3 .
Diameter at breast height (DBH) of trees as a surrogate was used for approximate tree age (Day et al. 2001) . Differences in DBH among close range trees growing in the same habitat provide rough information about tree age. Four oak individuals which had similar DBH for each group were selected (mean DBH for group 1: 101.92 mm, group 2: 165.60 mm, group 3: 229.30 mm, group 4: 292.98 mm). Differences among groups were tested with one-way ANOVA and it was determined that DBH groups were significantly different (Table 1) . In order to minimize variability among and within trees caused by light, tree species were selected from an open area in the border of the forest, and leaf samples were collected from an outer location of the tree crown. Montly leaf samples from equal positions (direction, height, branch, etc.) for all of trees were collected from May (beginning of the growth period) to November 2010 (senescence phase). A lateral branch which was unshaded from each tree was selected and marked and leaf samples were always collected from the same branch. Twenty undamaged leaves among the leaves collected from each specimen were singled out. In order to determine leaf dry mass, the leaf samples were cleaned and then put into a drying oven at 70°C until the leaves reached a constant height. Leaf samples were weighed and their dry masses were determined. LI-COR portable leaf area meter were used to determine mean leaf areas of the leaf samples. The SLA (mm 2 /mg) values of each groups were calculated by dividing mean leaf area (mm 2 ) with mean leaf dry mass (mg).
Mean leaf dry mass, leaf area and SLA were calculated for each age group and month. Analyses were performed using SPSS 15.0 for Windows at the significance level of p < 0.05. The effect of plant and leaf age on leaf area, leaf dry mass, SLA were tested by two-way full-factorial analysis of variance (ANOVA). Differences in leaf area, leaf dry mass, SLA among months and DBH groups were analyzed separately by independent-samples for T test. Means were separated by Tukey's Studentized Range (HSD) test, and homogeneity of variances was assessed by Levine's test. Correlations between leaf area, leaf dry mass and SLA were determined by Pearson correlation coefficient (2-tailed).
Results and Discussion
Mean leaf area, leaf dry mass and SLA values of DBH groups are given by month in Table 1 . For Q. cerris var. cerris, forms of fluctuations in SLA of all DBH groups were similar during the growth period. Mean SLA fluctuations of DBH groups across growth period were shown in Fig. 1 . Group 3 exhibited maximum SLA peak among DBH groups (1.48 mm²/mg), followed by group 4 (1.47 mm²/mg), group 1 (1.43 mm²/mg) and group 2 (1.38 mm²/mg).
Leaf area of each DBH group did not differ significantly according to leaf age. Leaf dry mass changed significantly with leaf age in group 1 and unchanged in other groups. SLA significantly differed according to leaf age in group 1 and group 4. Leaf area and leaf dry mass significantly varied among DBH groups in May and July, and May and September, respectively. SLA didn't significantly varied among DBH groups. However, when the data were tested totally, it was found that leaf age affected leaf dry mass and SLA, and plant age affected leaf area and leaf dry mass. Leaf age and plant age together did not significantly affect leaf area, leaf dry mass and SLA (Table 2 ). There was a positive correlation between leaf area and leaf dry mass, and there was a negative correlation between leaf dry mass and SLA (Table 3) . The study showed that monthly fluctuations in SLA of all DBH groups were similar during the growth period for Q. cerris var. cerris. According to Poorter et al. (2009) , "SLA is low right after bud-burst and increases rapidly during leaf expansion, after which there is a decrease again (Jurik 1986), presumably because of a build-up of cell wall material and chloroplasts. After first 30 days, SLA remains remarkably constant in most trees, until the onset of senescence when SLA increases again." In unfavourable conditions, trees resorb nutrients from leaves to the durable organs such as shoots, stems, and roots before they defoliate, and this mechanism is called nutrient resorption (Chapin 1980 , Rejmánková 2005 . Hence, as a result of nutrient resorption, leaf mass decreases and SLA of leaves rise during senescence. Differences are significant at the P < 0.05 level.
There were significant variations in leaf dry mass and SLA caused by leaf age for Q. cerris var. cerris. SLA trends of Q. cerris var. cerris during the growing period nearly concurred with that of temperate deciduous trees in the review of Poorter et al. (2009) and Nouvellon et al. (2010) . Fluctuations in leaf dry mass and SLA squared with seasons, which affect photosynthesis. Age-dependent decreases in SLA are associated with leaf density and thickness (Milla et al. 2008 , Poorter et al. 2009 ). Accumulation of carbon-rich chemicals and production of secondary vascular bundles and sclerenchyma decrease leaf density. Increasing numbers of spongy or palisade mesophyll layers leads to a rise in leaf thickness. Increasing leaf density and thickness increases leaf dry mass, and decreases SLA. In Q. cerris var. cerris, SLA fluctuated and did not decrease consistently across the growth period. However, it decreased until the beginning of the senescence period and then increased due to nutrient resorption. It is quite possible to examine decreasing SLA in long-lived evergreens, because the mature period of leaves of evergreen species is longer than deciduous species. Nevertheless, in deciduous trees, such as Q. cerris var. cerris, the leaf Months lifespan is shorter, so they have little time for producing leaves, flowers and acorns. Their leaves are thinner than evergreens and their leaf density is lower than evergreens. Thus, differences in SLA caused by leaf age are much clearer in evergreen species than in deciduous species. Several studies indicated that SLA decreased with plant age or size (Greenwood et al. 2008 , Liu et al. 2010 , Nouvellon et al. 2010 . According to Nouvellon et al. (2010) , England and Attiwill (2006) suggested that the observed decreases in SLA with increasing tree age and height may result from (1) increasing leaf water stress (more negative water potential), due to gravity and/or increased path length resistance; and (2) a hypothetical age effect, i.e., some inherent genetic factor that slows growth of older trees, thereby reducing carbon demand, which reduces carbon export from the leaves, and therefore increases dry mass accumulation in the leaf". However, in the study of Day et al. (2001) , differences in SLA, which showed a declining trend with scion donor age, were not significant, and in Vanderklein et al. (2007) , SLA showed no change with increasing donor-tree age. Similarly, differences in SLA, which increased with plant age among DBH groups, were not significant. On the other hand, leaf area and leaf dry mass changed significantly among DBH groups, and increased with plant age. These correlations may be caused by several factors. One may be differences in response of life forms or plant species. Factors controlling age-related trends may vary among species and life stages within species (e.g. between rapidly growing, short-lived species and slowly growing, long-lived species or between juvenile stage and adult stage) (Day et al. 2002) . Thus, growth forms may vary in response to time effects on leaf traits, because of differences in their leaf longevity and life form. Second, resource, light and water status of the area may play a role in age-related responses (Greenwood et al. 2008) . A positive correlation was found between leaf area and leaf dry mass. This means that dry mass increased in parallel with leaf expansion. Additionally, SLA was negatively correlated with leaf dry mass while it had no significant relationship with leaf area. This means that SLA was closely related to biomass accumulation in leaves and may be affected indirectly by factors which play a role in the production of biomass. Similar to the present study, Liu et al. (2008) determined a positive correlation between leaf area and leaf dry mass and a negative correlation between leaf dry mass and SLA.
In brief, results of the present study showed that leaf age affected SLA, and there was no significant relationship between plant age and SLA for Q. cerris var. cerris. Additionally, correlations determined between leaf area and leaf dry mass, and between leaf dry mass and SLA confirmed previous findings.
